Abstract Various phenotype and functional T-cell abnormalities are observed in multiple myeloma (MM) patients.
Introduction
Multiple myeloma (MM) is a B-cell neoplasm characterized by the proliferation and accumulation of isotype-switched immunoglobulin-producing monoclonal plasma cells in the bone marrow and by overproduction of monoclonal immunoglobulins that can be detected in serum and/or urine. Previous studies reported that MM patients may exhibit a variety of T-cell abnormalities, such as a marked reduction in the proportions of CD4 and CD8 cells expressing co-stimulatory molecules, signal transduction components, and Th1/Th2 imbalance, particularly in advanced stages of MM [1] [2] [3] [4] [5] . The involvement of altered Tcell response in the development of murine plasmacytomas has also been reported [6] . The effective activation of naïve T-cells requires two independent signals. The first, an antigen-specific signal, is sent via a unique antigen receptor, the T-cell receptor (TCR), on T-cells. The second signal, termed co-stimulation, is critical for allowing full activation, sustaining cell proliferation, preventing anergy and/or apoptosis, inducing differentiation to effector and memory status, and allowing cell-cell cooperation. CD28 is the primary T-cell co-stimulatory molecule and is constitutively expressed on the majority of T-cells. Cytotoxic T-cell antigen (CTLA-4) is a homologous molecule of CD28 which plays an inhibitory role in the early and late stages of T-cell activation [7] . CTLA-4 ligation provides a negative signal for regulation of the cell cycle and inhibits the activity of the transcriptional factors: nuclear factor-κΒ (NF-κΒ), nuclear factor of activated Tcells (NF-AT), and activator protein 1 (AP-1). Moreover, CTLA-4 binds to CD28 ligands (CD80 and CD86) with higher affinity and avidity and in that way also inhibits Tcell activation [8] .
Several reports have indicated that CTLA-4 gene polymorphisms are implicated in malignancies [9] [10] [11] [12] [13] [14] . To the best of our knowledge, no large cohort-based study on gene polymorphisms of co-stimulatory and down-regulatory molecules has been performed in MM. Only one report was devoted to an association between the CTLA-4g.*642AT (8_33) polymorphism and susceptibility to MM [15] . Therefore we undertook a study to investigate the relationship between CTLA-4c.49A>G (rs231775), CTLA4g.319C>T (rs5742909), CTLA-4g.*642AT(8_33), CTLA4g6230G>A (CT60, rs3087243), CTLA-4g.10223G>T (Jo31, rs11571302) gene polymorphisms and MM incidence, age at disease onset, ISS, M component type, light chain, response to treatment, and time to disease progression.
The polymorphic markers we chose for our study are reported to be functional and to be associated with altered immune responses. The CTLA-4g.319C>T single nucleotide polymorphism (SNP) influences promoter activity and the expressions of both CTLA-4 mRNA in unstimulated cells and cell-surface CTLA-4 on activated cells [16] [17] [18] [19] . The A>G transition at position 49 in exon (CTLA4c.49A>G) causes a Thr/Ala substitution in the leader peptide [20] . This polymorphism affects the inhibitory function of CTLA-4 [16, 21] . The dinucleotide short repeat polymorphism CTLA-4g.*642AT(8_33) at position 642 in the 3′untranslated region (UTR) influences the level of mRNA transcription [22] . The CTLA-4g.*6230G>A (CT60) polymorphism was shown to be associated with variations in the mRNA level of soluble CTLA-4 [24] . Results published by us indicate that the Jo31 polymorphism together with CT60 is associated with the levels of membrane and cytoplasmic CTLA-4 in CD4+ T lymphocytes from multiple sclerosis patients [23] and with the variation of serum soluble CTLA-4 level in Graves-Basedow patients [24] . Moreover, all the investigated polymorphisms are associated with susceptibility to malignancies [9, [11] [12] [13] [14] .
The results from the present study indicate that CTLA-4 gene polymorphisms are related to susceptibility to multiple myeloma in a Polish population.
Materials and Methods

Study Population
The study enrolled 200 unrelated Polish patients with multiple myeloma came from two centers: 148 from the Department of Haematology, Neoplastic Diseases & Bone Marrow Transplantation of the Medical University in Wroclaw, and 52 from the Department of Haematology of the State Hospital in Opole. There were 106 women and 94 men aged 33 to 85 (median±SD, 67±10.9 years), and the median age at diagnosis was 63.5 ± 11.2 years. The diagnosis of multiple myeloma was based on criteria established by the International Myeloma Working Group [25] . Clinical stage was assessed according to the International Staging System (ISS) for Multiple Myeloma and was determined during enrolment in the study [26] , i.e. stage 1 with serum β2microglobulin less than 3.5 mg/l +serum albumin ≥3.5 g/dl, stage 2 with neither stage 1 nor 3, and stage 3 with serum β2microglobulin level ≤5.5 mg/ l. The patients were treated according to the melphalan+ prednisone (MP); vincristine, doxorubicin (Adriamycin), dexamethasone (VAD); vincristine, melphalan, cyclophosphamide, prednisone (VMCP); or cyclophosphamide, thalidomide, dexamethasone (CTD) protocol. Table 1 summarizes the clinical characteristics of the MM patients.
The control group included 380 healthy Polish individuals originating from the same geographical area as the patients (214 female and 166 male) with the majority recruited from the blood bank in Wroclaw and others recruited among employees of the Institute of Immunology and Experimental Therapy. Genetic homogenity of the Polish population is observed, as reflected in virtually identical frequencies of H-Y polymorphisms in different regions of Poland [27] . All enrolled participants were informed about the study protocols and consent was obtained from each individual. Data on participation rate were not available. The study was approved by the local ethics committee.
Genotyping/Determination of Polymorphisms
A single nucleotide polymorphisms (SNPs) g.319C>T in the promoter region, c.49A>G in exon 1, and CT60 in the 3′UTR of the CTLA-4 gene were examined by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) using TruI, BseXI, and TailI enzymes (Fermentas, Burlington Ontario, Canada). Table 2 lists the conditions of PCR product digestion with the restriction enzymes. Table 3 lists the primer sequences for PCR. The PCR reaction was carried out as described previously.
The Jo31 CTLA-4 gene polymorphism was genotyped by the allelic discrimination method on the Applied Biosystems 7300 Real-Time PCR System using the TaqMan SNP Genotyping Assay-on -Demand (Applied Biosystems, Warrington, UK).
The CTLA-4 3′ UTR containing (AT)n repeats was amplified with a pair of primers (listed in Table 3 ) in which the 5′ ends of the forward primers were labelled with JOE and 6-FAM, respectively (Bionovo, Legnica, Poland). The detailed procedure is described in Suwalska et al. [9] .
For quality controls we performed 5% to 10% re-typing with double blind check. For all SNPs additionally typing with other genotyping methods was used. Re-typing methods were as follows: g.319C>T SNP in the promoter region, c.49A>G in exon 1, and CT60 in the 3′ UTR of the CTLA-4 gene were genotyped using PCR and then singlenucleotide primer-extension methods as described in Suwalska et al. [9] , while the Jo31 SNP was genotyped using PCR and then single-nucleotide primer-extension methods as described in Karabon et al. [23] .
The primers were designed according to the complete CTLA-4 gene sequence derived from the NCBI Sequence Viewer.
Statistical Analyses
The evaluation of Hardy-Weinberg equilibrium was performed independently for the patients and control group by comparing the observed and expected frequencies of genotypes using χ 2 analysis. The χ 2 test was used to compare categorical data between patients with MM and controls. Odds ratios (OR) and 95% confidence intervals (95%CI) were calculated using the binary logistics regression model. The linkage disequilibrium (LD) coefficients D′=D/D max and r 2 for the pair of the most common alleles at each locus and haplotype frequencies for pairs of alleles were determined using the SHEsis program (http://202.120.7.14/ analysis/myAnalysis.php) [28] . Haplotypes with frequencies lower than 0.03 were not considered.
Results
CTLA-4 Polymorphisms and Susceptibility to MM
The distributions of the alleles and genotypes of all studied polymorphisms in the MM patients and the healthy control group are shown in Table 4 . Neither in cases nor in controls was deviation from Hardy-Weinberg equilibrium observed ( Table 4 ). The odds ratios (OD) and 95% confidence intervals (CI) in Table 4 Table 4) .
The distribution of alleles and genotypes in CTLA4g.319C>T and CTLA-4g.*642AT(8_33), polymorphisms did not differ between the group of MM patients and controls.
The global distributions of the haplotypes differed significantly between the cases and controls (p after Bonferroni correction = 7.5e-005) ( Table 5 
CTLA-4 Gene Polymorphisms and Clinical Data in Multiple Myeloma Patients
Because multiple myeloma occurs more frequently in males than in females, we conducted a separate association test of all the studied polymorphic markers, i.e., CTLA-4c.49A>G, CTLA-4g.319C>T, CTLA-4g.*642AT(8_33), CT60, and Jo31 in the CTLA-4 gene in male and female participants. We noted an even stronger association between the CTLA4c.49A>G[G] allele and susceptibility to MM in males (OR:1.61, 95%CI:1.11-2.33, p=0.01). None of the studied polymorphic markers correlated with the clinical data regarding: age at disease onset, ISS, M component type, light chain, response to treatment, or time to disease progression.
Linkage Disequilibrium
The investigated polymorphisms in the 3′ UTR, namely, Jo31, CT60, and CTLA-4g.*642AT(8_33) were in strong linkage disequilibrium with each other expressed by either D′ or r 2 (Table 6 ). In the case of pairs CTLA-4c.49A>G and CTLA-4g.319C>T; CTLA-4c.49A>G and CTLA-4g.*642AT (8_33); CTLA-4g.319C>T and CTLA-4g.*642AT(8_33); CTLA-4c.49A>G and CT60; CTLA-4c.49A>G and Jo31; CTLA-4g.319C>T and CT60; and CTLA-4g.319C>T and Jo31 linkage disequilibrium between them was expressed by D′ (Table 6 ).
Discussion
Both genetic and environmental factors have been associated with an increased risk of MM.
Family history of MM in a first-degree relative suggested that genetic variation plays a role in the etiology of multiple myeloma [29] . The genetic susceptibility to multiple myeloma has not been extensively studied, although some studies have evaluated polymorphisms in immune response genes especially cytokine [30] [31] [32] . Others were devoted to variations in genes involved in xenobiotics metabolism [33] , DNA repair [34] , the cell cycle and apoptosis [35] .
Genes encoding proteins involved in T-cell activation and suppression have been considered as candidate genes for many autoimmune [36] [37] [38] and, recently, also for neoplastic diseases [9, 13, 14] . Only one study was devoted to the association of one polymorphic marker of the CTLA-4 gene and multiple myeloma [15] . We found that of the five polymorphisms studied in the CTLA-4 gene, three of them (CTLA-4c.49A>G, CT60, and Jo31) were significantly associated with MM. We observed that CTLA-4c. It is of great interest that genetic variants of the studied polymorphisms have been previously reported to contribute to a lower expression level of mRNA and/or CTLA-4 molecule expression on T-cells [16, 21, 23, 39] . CTLA4c.49A>G transition is a functional polymorphism which influences T-cell activation and therefore might play a role in altered T-cell regulation. Presence of [GG] genotype was shown to be associated with significantly higher activation of T lymphocytes and higher proliferation than [AA] genotype. The protein product coded by CTLA-4c.49A>G
[GG] genotype CTLA-4 17 Ala had lower capacity to bind B7.1 and a weaker inhibitory effect on T-cell activation compared with CTLA-4 17 Thr [40] . It has also been postulated that the CTLA-4c.49A>G polymorphism in the leader sequence may influence rates of endocytosis or surface trafficking [21] , the glycosylation of CTLA-4, and intracellular/surface partitioning, and in that way alter inhibitory function of that molecule [16] . Our previous results indicated that presence of G alleles in polymorphic sites CT60 and Jo31 was associated with the lower levels of membrane and cytoplasmic CTLA-4 in CD4+ T lymphocytes from multiple sclerosis patients [23] and with the variation of the serum soluble CTLA-4 level in GravesGraves' disease patients [24] . In fact a marked reduction, particular in advanced stage of MM, in the proportion of CD4 and CD8 cells expressing CTLA-4, CD28, CD3zeta, p56lck, ZAP-70 and PI3-k, what indicate that profound and multiple T-cell signalling defects, from the surface and down-stream, consistent with involvement of a master T-cell function, especially in advanced stage MM [1] .
In the only report about an association of CTLA-4 gene polymorphism and MM published previously by Zheng et al. [15] , the prevalence of longer CTLA-4g.*642AT(8_33) alleles, which are associated with lower stability of mRNA for CTLA-4 was described. In our study we also observed nonsignificantly increased frequency of longer alleles.
Our findings regarding CTLA-4 gene polymorphisms and susceptibility to MM are different from those we obtained for B-cell chronic lymphocytic leukaemia (B-CLL) [9] , in which the CTLA-4g.319C>T[T] allele was significantly associated with disease. Although it seems surprising, population studies based on a positive family history of lymphoproliferative neoplasms indicated that the genetic pathway involved in the etiology of chronic lymphocytic leukemia (CLL), non-Hodgkin's lymphoma (NHL), and Hodgkin's lymphoma (HL) is different from that of MM. It was shown that first-degree relatives of chronic CLL patients are at higher risk of developing CLL, NHL, and HL, but not at increased risk of developing MM [41, 42] . In contrast, first-degree relatives of MM patients are not at risk of developing B-CLL, CLL, NHL, or HL [17] .
A limitation of this study is the relatively small group of patients, but it should be mentioned that the population risk of MM is approximately 0.00003 and it is difficult to collect a bigger homogeneous ethnically matched cohort. Therefore our findings should be confirmed by an independent study on a larger cohort.
Our original findings of the prevalence of the CTLA4c.49A>G[G], Jo31[G], and CT60[G] alleles suggested that genetic variations in the CTLA-4 gene play a role in multiple myeloma and warrant further investigation through replication studies. 
